Background: Health economic evaluations are increasingly used to make the decision to adopt new medical interventions. Before such decisions, various stakeholders have invested in clinical research. But health economic factors are seldom considered in research funding decisions. Cost-effectiveness analyses could be informative before the launch of clinical research projects, particularly when a targeted intervention is resource-intensive, total cost for the trial is very high, and expected gain of health benefits is uncertain. This study analyzed cost-effectiveness using a decision analytic model before initiating a large clinical research project on goal-directed hemodynamic treatment of elderly patients with hip fracture. Methods: A probabilistic decision analytic cost-effectiveness model was developed; the model contains a decision tree for the postoperative short-term outcome and a Markov struc-ture for long-term outcome. Clinical effect estimates, costs, health-related quality-of-life measures, and long-term survival constituted model input that was extracted from clinical trials, national databases, and surveys. Model output consisted of estimated medical care costs related to quality-adjusted life-years. Results: In the base case analysis, goal-directed hemodynamic treatment reduced average medical care costs by €1,882 and gained 0.344 quality-adjusted life-years. In 96.5% of the simulations, goal-directed hemodynamic treatment is less costly and provides more quality-adjusted lifeyears. The results are sensitive to clinical effect size variations, although goal-directed hemodynamic treatment seems to be cost-effective even with moderate clinical effect. Conclusion: This study demonstrates that cost-effectiveness analysis is feasible, meaningful, and recommendable before launch of costly clinical research projects.
M EDICAL care resources are limited. In many countries, decisions to adopt, reimburse, or issue specific guidance on use of new medical treatments are increasingly based on cost-effectiveness. Stakeholders in Australia, 1 Canada, 2 the United Kingdom, 3 and the United States 4 first used this approach. In 1997, a law integrated cost-effectiveness consideration into Sweden's medical care system's prioritization processes.** In contrast, funding on applied clinical research decisions is usually not linked to health economic factors, even if research projects are costly and funded by public resources and if resources are scarce. 5 This is particularly striking when research projects consider medical treatments that presumably cannot be adopted in the future due to limited resources and poor cost-effectiveness. In such situations, cost-effectiveness analyses of unproven medical technologies may be reasonable before commissioning clinical research projects. This is an issue for policy makers and clinical researchers.
In cost-effectiveness analyses at least two alternative interventions are compared in terms of costs and changes in patients' health, usually using a long-time perspective. When relevant data are unavailable, stochastic (probabilistic) decision analytic models are used to apply best (or next best) evidence combined with reasonable assumptions. 6 -8 This analysis is tightly linked to the design and launch of a clinical research project on hemodynamic optimization of elderly patients with hip fracture; we use an analytic method that is increasingly being applied in medical care policy decisions.
Each year, approximately 20,000 patients have hip surgery in Sweden. Four-month mortality is 15% for females and 20% for males, and only 50% of these patients are discharged to their original housing. † † 1 In other surgical patients, perioperative fluid overload or deficit may influence postoperative outcome, and in past decades, many fluid treatment protocols were studied. 9 -15 One is goal-directed hemodynamic treatment (GDHT) that is targeted to increase global blood flow. As per meta-analyses, [12] [13] [14] GDHT is beneficial for high-risk surgical patients. In elderly patients with hip fracture, current evidence suggests that GDHT might reduce hospital stay. 16, 17 However, length of hospital stay is a surrogate endpoint. For a policy decision on GDHT in elderly patients evidence is required on clinical effectiveness, on patient-oriented benefits, and on the used resources. The authors planned a clinical trial (n ϭ 460) for the actual population to find evidence on clinical benefit (postoperative complications). But commissioning and funding such a trial could be questioned because it has been suggested that that only "25 to 60% of the mortality will be potentially susceptible to the intervention" due to high age and comorbidities. 18 In addition, if GDHT cannot be used in the future, due to limited resources, then clinical trials on this vulnerable patient group would be inappropriate for economic and ethical reasons.
We aimed to estimate cost effectiveness before commissioning a clinical trial on GDHT in elderly patients with hip fracture to guide researchers and those who set research pri-orities-if a future GDHT trial for the elderly is potentially meaningful.
Materials and Methods
This section describes this investigation's perspective, the decision analytic model, 6 and various analysis phases.
Perspective
Cost-effectiveness analyses always compare alternative treatment strategies. In this investigation, routine fluid treatment is compared with GDHT for hypothetical individuals with hip fracture (older than 80 yr). Routine fluid treatment represents current clinical practice in Sweden. Blood pressure and heart rate guide administered fluid volumes. GDHT represents a treatment protocol to be targeting Shoemaker's 19 proposed objectives (oxygen delivery more than 600 ml ⅐ min Ϫ1 ⅐ m Ϫ2 , cardiac index more than 4.5 l ⅐ min Ϫ1 ⅐ m Ϫ2 ) when using the Lithium Dilution Cardiac Output monitor (LiDCO, LiDCO Ltd., Sawston, Cambridge, United Kingdom). Our analysis takes a medical care perspective ‡ ‡ on costs and it follows effects of interventions, 5 yr postoperatively. Model output is the estimated incremental cost-effectiveness ratio (ICER).
Decision Analytic Model
The analysis is done using a decision analytic model. It applies mathematical relationships that illustrate consequences of both treatment strategies. The model consists of two parts, a decision tree 7 that was developed for shortterm postoperative outcome and a Markov structure 6 that was developed for long-term outcome ( fig. 1 A and B) . The next section briefly describes various analysis phases. A more comprehensive description of the model structure, data collection, and data incorporation (into the model) are available elsewhere. § §
Analysis Phases
Decision Tree Development. The decision tree is used to estimate the short-term costs and postoperative outcome ( fig.  1 A and B ). It starts with a decision between two fluid treatment strategies (rectangle). A chance node (circle) follows the decision, where various events may occur by chance, and hypothetical individuals may make transition (arrows) toward one of the selected postoperative outcomes (triangles in fig. 1 A and B): uncomplicated recovery, cardiovascular complications, stroke, other complications (i.e., pulmonary and urinary tract infections, postoperative confusion, kidney insufficiency, wound infection, and pulmonary embolism), and death. Each postoperative outcome (triangles) is accounted for with estimated occurrence probability, healthrelated quality of life (QoL) index, and cost. So the model translates selected postoperative complications into health states (exemplified by health-related QoL) that are measured by the EQ-5D instrument. 20 The decision tree's timeline is 4 months after the operation. † † www.rikshoft.se/se/images/stories/arsrapporter/Arsrapport2008. pdf. Accessed December 6, 2011. ‡ ‡ The societal perspective is preferable, but we could not identify reliable data on use of support from society, so our analysis has a limitation in the Swedish context. As per health technology assessment guidelines, medical care perspective in the analysis can be selected.
§ § http://publications.ki.se/jspui/handle/10616/4040. Accessed December 6, 2011. Model Inputs Into the Decision Tree. For routine fluid treatment, probabilities for each postoperative outcome were generated with data drawn from a Swedish trial (n ϭ 402; 100% follow-up rate). 21 For GDHT, probabilities for each postoperative outcome were generated using estimates of relative risk (GDHT vs. routine fluid treatment) for mortality and morbidity. These were extracted from the scientific literature. Appendixes 1 and 2 display the search strategy and results. No data were found on the clinical benefit of the actual GDHT protocol on the actual population, so next-best data were used. The relative risk for postoperative morbidity was directly calculated from findings of Venn et al. 17 (actual population but another GDHT strategy). The relative risk for mortality was extracted from meta-analysis 13 (actual strategy but younger population). Table 1 lists clinical effect estimates.
Prefracture and postfracture QoL indices were derived from the age-matched nonfractured Swedish population 22, 23 and a longitudinal Swedish clinical trial. 24 Decrements of QoL (difference between prefracture and postfracture QoL indices) were calculated and used for the analysis (table 1) .
Short-term medical care costs consisted of fluid treatment costs including medical devices-monitoring with LiDCO and human resources during the perioperative period (table 1). Hospital costs for each postoperative complication and for uncomplicated recovery included hospital stay length, cost per one bed-day, plus laboratory, microbiology, radiology, and operations expenses. Fluid treatment cost data were calculated at the Karolinska University Hospital, Huddinge, Sweden. Hospital cost data were based on individual patientspecific cost data at University Hospital in Lund, Sweden. Markov Structure Development. A Markov structure was developed for modeling long-term survival, medical care costs, and QoL. After hospital discharge, hypothetical individuals are categorized into health states in the Markov structure (circles in fig. 1A and B). QoL, which is aligned with each postoperative outcome, exemplifies these health states. Hypothetic individuals may make transitions along the arrows ( fig. 1A and B) among health states or stay in the same state during 1 yr, i.e., one cycle. Note that this model simplifies real life, because it allows for recovery only from the "other" complications state. So after cardiovascular complications or stroke, hypothetical individuals continue to live with consequences of these complaints. These factors describe the health states (circles): estimated survival probabilities, QoL, and medical care costs. During one cycle, survival decreases and survivors' QoL declines by decrements. One cycle is repeated five timesrepresenting 5 postoperative yr. Here, a QoL index was multiplied by the time spent in the current health state (1 yr), which generated the number of quality-adjusted life years (QALYs). Each life-year of a hypothetical individual is associated with medical care costs. Costs and QALYs were aggregated, which yields the expected, estimated mean costs and QALYs of both treatment strategies. Model Input Into the Markov Structure. Age-adjusted standard mortality.ʈʈ was used for hypothetical individuals with no postoperative complication. For those with cardiovascular complications or stroke, yearly mortality was estimated . Costs and effects (QALYs) were discounted by 3% annually. The ICER was calculated dividing the difference between costs (incremental cost) by the difference between the QALYs (incremental effect) for the two strategies. The ICER is an estimate of additional costs for getting one additional life-year with full health when the two alternatives are compared. The ICER is always related to one possible threshold value that society is willing to pay for one additional life-year with full health (costeffectiveness threshold, ). In Sweden, there is no fixed official threshold or range accepted, but a cost of between €20,000 and €50,000 is discussed depending of the severity of the condition (in exceptional cases even higher). Standards within Sweden's medical care system guided this analysis, which applied Swedish hospital costs that are converted to euros using this exchange rate: €1 ϭ SEK (Swedish Krona) 9.41. Sensitivity Analyses of Uncertain Data. Probabilistic sensitivity analyses were done to account for uncertainty of model assumptions and to address variability in data that were used. One-way sensitivity analyses were performed over upper and lower limits, respectively, of 95% CI for the model inputs. The model was also run using stepwise, increased estimates of relative risk for morbidity and mortality that represent lower expected clinical effect, compared with the base case analysis. 
Results

Analysis of the Average ICER
The base case analysis compared QALYs and costs for a hypothetical cohort of hip fracture patients, age 80 yr and older, who were treated with preoperative GDHT or routine fluid treatment. The analysis accounted for 5 postoperative yr (table 2). On average the GDHT leads to reduced costs by €Ϫ1,882 and to increase of QALYs by 0.344, which yields a negative average ICER (when the ICER is negative it should not be expressed). Consequently the GDHT is dominant † † †
One-way Sensitivity Analyses
The cost-effectiveness analysis was generally robust to changes of model inputs within ranges of 95% CIs (fig. 2 )with one exception. The ICER was sensitive to relative mortality and morbidity risk-value changes. Relative risk influence was separately tested with stepwise increased values by 25 to 90% (appendix 3). When clinical effect is reduced via a 90% relative risk increase, then GDHT dominance disappears, which yields an ICER of €383 per gained QALY ( fig. 3) . Figure 4 shows the Monte Carlo simulation results; here, differences between costs are plotted against differences of effect for all simulated values. The 95% CI of the ICER is calculated by the upper and lower limit of 95% of the simulated values of incremental costs (€Ϫ3,043 to €ϩ239) and QALYs (0.082-0.492). It yields a negative ICER at the lower limit and a cost per QALY gained at €2,915 at the upper limit. Figure 5 illustrates probabilistic sensitivity analyses; here, probabilties for GDHT being cost-effective are plotted against varying values of the cost-effectiveness threshold. The model was run for the base case analysis (red line) and two alternative scenarios-to test two main model assumptions. Scenario 1: GDHT does not influence most of the selected posotperative complications that constitute the group of "other" complications (blue line). Scenario 2: GDHT does not influence the group of "other" complications and mortality (green line).
Probabilistic Analysis
Probabilstic Sensitivity Analysis
For the base case analysis and both scenarios the probabilty of being cost-effective is above 0.975 at a cost effectiveness threshold of €10,000.
Discussion
Our main finding is that compared with routine treatment for patients, ages 80 yr and older, GDHT yields gained QALYs at lower medical care costs over a 5-yr time line (in 96.5% of the simulations). In health economic terms the GDHT is the dominant strategy. The analysis is most sensitive for changes in morbidity and mortality relative risk values. Although with very modest clinical effect size values (relative risk for mortality/morbidity 0.92/0.84), GDHT may be cost-effective. The influence of postoperative complications on postfracture QoL is probably understated because these were extracted from a nonfractured population. But in the one-way sensitivity analyses, the ICER remained negative when using the QoL decrements within ranges of 95% CIs (fig. 2 ). The analytic model is used to estimate incremental cost effectiveness ratio-with existing data, in a position of uncertainty considering the benefit of the GDHT on the actual population, and before a planned clinical trial. Our cost-effectiveness analysis provides support for commissioning a clinical trial. This analysis was not intended for guiding GDHT implementation in routine clinical practice. Introduction of GDHT should await evidence-based data from future randomized controlled trials, which demonstrate that the technology conveys net benefit.
The presented model is a dynamic framework, and it can be updated either when new evidence comes up on the clinical effect size for GDHT or when initially high costs of new technologies decrease over time.
Clinical effect size (relative risk) constitutes the most important variable in this analysis, because when the model was run by the upper and lower limits of 95% CI of relative risk the ICER has changed substantially.
Why Cost Effectiveness?
Particularly when a new treatment strategy is very resourceconsuming, and if the strategy accounts for patients with limited life expectancy with uncertain benefit, then a costeffectiveness analysis may be meaningful (before initiating a costly clinical trial) as input for prioritization of research projects. Several methods exist for setting priorities in clinical research. These include measures of the burden disease, 25, 26 the expected "payback" from the research, 27,28 estimated welfare losses, 29 or value of information analysis. 5 Before commissioning a large randomized clinical trial, we ran a pilot trial on 40 patients. During the design period and literature search we could determine that patient recruitment is cumbersome due to the acute confusion of the patients under the circumstances of unscheduled surgery, and there is a huge gap between the numbers of GDHT trials in the elderly patients compared with the younger population.
The lack of GDHT trials on elderly patients may be a result of assumptions that such trials are not meaningful due to age and comorbidities. In this analysis, we found that even modest clinical effect may improve health outcomes and decrease medical care costs ( fig. 3) .
Analysis Strengths and Limitations
This early analysis was done per health economical evaluation standards. We used a two-part model that is commonly used for reimbursement decisions of new, unproven medical technologies when clinical trials are not yet available. Simplification of real life constitutes an analytical model limitation, but it is possible to model the complexity of expected GDHT influence on postoperative complications. It is unlikely that all postoperative complications may be influenced by GDHT; this complexity is partially modeled by probabilistic scenario analyses (scenarios 1 and 2).
External validity of the results (model outputs) depends on model input validity. In our analysis, model inputs have high external validity. Short-term survival and hospital costs of the traditional fluid treatment were obtained from a trial population with a follow-up rate of 100% on patients at University Hospital in Lund, Sweden. 21 Data from the Swedish National Registry on Secondary Prevention in Cardiac Intensive Care and the Epidemiologic Centre of the Swedish National Board of Health have high validity, because these national registries have data from all Swedish hospitals (100%). The Swedish National Stroke Registry has data from 83% of all hospitals of Sweden but is still the best available data source for survival after stroke.
Implications for Further Research
Our results show low values of the estimated number needed to treat using GDHT through the entire range of estimated relative risk (appendix 4). The displayed estimates of number needed to treat in appendix 4 are the estimated number of patients needed to treat to prevent one patient with negative outcome (postoperative complication). GDHT is also predicted to have high probability of being cost-effective (over ranges of CI) even if GDHT may require more resources during perioperative care. These results support research funding in the area. A future trial should address clinical effectiveness, patient-oriented benefits (QoL), and cost-effectiveness to support future policy decision on the current large patient population. Given the expected absolute risk for postoperative complications (0.6) and the point estimates of relative risk used in the one-way sensitivity analyses ( fig. 3 ), corresponding sample sizes for future clinical trials are calculated (appendix 4). When the relative risk is between 0.5 and 0.79, then the required sample size is between 84 and 490. When the expected relative risk exceeds 0.88, then the sample size should exceed 1,488, which is probably not realistic to aim for in a clinical trial. In a future trial, during an interim analysis, one stopping rule could be relative risk higher than 0.79, because already this effect size would indicate need for a sample size over 490.
Conclusion
Scientific evidence on clinical benefits of GDHT on elderly patients with hip fracture is scarce. So we addressed the question of whether or not a costly, large trial is meaningful due to increased age and frailty of the patients. Early cost-effectiveness analysis predicts that GDHT may save costs of medical care and may gain QALYs-compared with traditional fluid treatment. Large trials on GDHT for elderly patients should be supported, because even strategies with modest clinical effect promise to be cost effective.
Moreover, when accounting for expected time and cost for a clinical trial, this type of cost-effectiveness analysis was found feasible, meaningful, and recommendable before launch of costly applied clinical research projects in general. Such analyses might be beneficial even in countries in which cost-effectiveness analyses are not accepted for policy decisions. An early pretrial analysis might reduce risk for inefficient use of scarce research resources when anticipated societal or patient benefits from clinical research are low. 
